Aims/hypothesis Young
Introduction
Young adults at a stage of life in which they choose education, and enter and become established in the labour market, might be particularly vulnerable to the impact of the onset of a chronic disease. The scarce literature on consequences of type 1 diabetes on earnings, education and participation in the labour market may be explained by the difficulties in obtaining data to confirm a causal relationship. A few published studies have described labour-market outcomes for persons with diabetes of varying duration, relying on cross-sectional data and on self-reporting of diabetes in surveys [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Cross-sectional data may show associations, but are not sufficient for identifying causal relationships. For instance, analyses of the economics of the labour force have shown a substantial association between parental socioeconomic status and children's lifetime earnings [13] [14] [15] . In addition, surveys do not always distinguish between type 1 and type 2 diabetes, for which one might expect differences in the impact on labourmarket outcomes.
We analysed the development of the annual distribution of earnings in 1990-2005 comparing a cohort of individuals who were 15-34 years old at the onset of type 1 diabetes with a control group from the Swedish population. Using individual-level data on longitudinal earnings from high-quality public administrative registries before and after the onset of diabetes, we accounted for potential confounding factors: education, employment, and socioeconomic status measured by parents' level of education.
Methods
The Econ-DISS research database Econ-DISS was designed to study the consequences of the onset of diabetes in early adulthood for labour-market outcomes, including earnings, education, participation in the labour market and use of social insurance. It is based on the national Diabetes Incidence Study in Sweden (DISS) database [16] , which is a register of incident cases of diabetes in young adults aged 15-34 years old (about 400 per year) since 1983 [17, 18] . Participants were classified by the reporting physician according to clinical criteria established by WHO [19, 20] during the first period 1983-1991 [21] . Since 1992 the diagnostic criteria used [18] are those recommended by the American Diabetes Association expert group [22] , in clinical settings corresponding to those of WHO [23] . The clinical classification has been shown to correspond well to the presence of islet cell antibodies and C-peptide concentrations [24, 25] . For the period 1983-2005, 73% of individuals were registered as having type 1 diabetes, 17% as having type 2 diabetes and 10% were unclassifiable at the time of diagnosis. Statistics Sweden [26] selected for each case in DISS four control persons matched by age, sex and municipality of residence at the time of diabetes diagnosis. In addition, parents of cases and controls were identified using the Multiple Generations Register at Statistics Sweden.
The Econ-DISS population consists of 9,298 young adults with diabetes onset between 1983 and 2005 in Sweden and 37,192 controls. For this study, we selected all individuals born in 1949-1970 and registered with type 1 diabetes onset at ages 15-34 years during the years 1983-2005 (n=3,650), and their controls (n=14,629). In 1990, the first year of earnings data, the youngest individuals were 20 years old and potentially active in the labour market.
The Econ-DISS longitudinal database contains individuallevel annual data for 1990-2005 on 290 demographic, socioeconomic and employer-related variables from the Longitudinal Integration Database for Health Insurance and Labour Market Studies (LISA) at Statistics Sweden, which covers the entire population in Sweden aged ≥16 years [27] . All information was linked at the individual level by Statistics Sweden using the civic registration number. The research programme was approved by the Regional Ethical Review Board in Lund, Sweden (dnr 393/2005).
Exposure Our exposure was diabetes onset at ages 15-34 years. Controls were expected to reflect the general population.
Analyses of the development of earnings We analysed the annual distributions of earnings and of the confounders, achieved level of education, participation in the labour market (employment status, unemployment benefits, days of unemployment, periods of sick leave) and parents' level of education prior to the onset of type 1 diabetes (see Electronic supplementary material [ESM] Table 1 ). Disparities in earnings and confounders before onset would reduce the degree of differences in earnings after onset that could be attributed to diabetes per se.
We followed the birth cohorts 1949-1970 from 1990 to 2005 using two overall groupings: before/after onset and diabetes/control group. By design, the number of persons in the 'before diabetes onset group' decreased over time and, correspondingly, the number increased in the 'after diabetes onset group' (ESM Table 2 ).
Earnings data were analysed in three ways. First, we analysed whether the distribution of earnings differed between cases and controls in any single year in 1990-2005. Second, we analysed the earnings of cases relative to the average earnings of their respective controls, organising data by duration of diabetes. Finally, the impact of diabetes and disease duration on the 4-year average annual earnings in 2002-2005 (smoothing transitory fluctuations) were analysed, controlling for confounders in a standard laboureconomic model [28] . Models were estimated in the full sample (model 1) and in a restricted sample comprising persons active in the labour market in all years in 2002-2005 (model 2). The models used interactions of diabetes duration and education to capture potential educational gradients on the effects of diabetes on earnings. Earnings were measured in Swedish kronas (SEK) to avoid exchange-rate-driven fluctuations. Key results were converted to EUR [29] .
Statistical methods Non-parametric Pearson χ 2 test of median values was used for comparison of continuous variables (earnings, days of unemployment and sick leave). For single years, binary and categorical variables were compared using χ 2 test and test of proportion [30] . Pooling observations in 1990-2005, ORs with 95% CI for binary variables were obtained by logistic regression accounting for intra-individual correlation using cluster option for standard errors and controls as reference category [31] . The individuals' levels of education, adjusted for maternal and paternal level of education, respectively, were analysed using the Mantel-Haenszel method [30] . Non-parametric kernel density estimation was used to estimate smooth density functions of earnings [31] . Logistic regression analysis was used to analyse the probability of not being in the labour market in the years 2002-2005 [30] . Semilogarithmic ordinary least squares analysis was used to analyse average annual earnings in 2002-2005 [28, 32] . Stata version 10.1 was used for the statistical analyses (www.stata.com) [31] . Figure 1 shows the development of first, second (median) and third quartiles of annual earnings in 1990-2000 in the before-onset group. We found no significant differences in median earnings. Figure 2 shows the development of earnings including individuals from the year of onset of diabetes. The median earnings of cases and controls were different (p<0.01) each year in 1995-2005. In 2005, the difference in median earnings was SEK 13,100 (EUR 1,411), corresponding to 5.3% lower earnings for persons with type 1 diabetes. The difference was greater for persons with the lowest earnings (first quartile): SEK 25,200 (EUR 2,714; 18%). Earnings differentials were of similar magnitude when the first 2 years of diabetes from the after-onset group were excluded.
Results

Annual earnings
The onset of type 1 diabetes was associated with a marked decline in earnings compared with the background population (Fig. 3 ). The relative earnings before onset varied randomly. In the year of onset, the median ratio of earnings by cases to the average earnings by his/her controls was 102.1%. Ten years after onset, the cases earned 4.0% less and after 20 years, 10% less.
Before onset: analyses of education, participation in the labour market and sick leave We found no differences in employment (OR 1.07, 95% CI 0.95-1.19), receipt of unemployment benefits (OR 1.07, 95% CI 0.95-1.20) or having at least one period of sick days (OR 1.08, 95% CI 0.92-1.27), pooling data from the years 1990-2000 (reference controls=1.00; ESM Figs 1, 2). In addition, we did not find differences in annual proportions for the same variables. Length of sick leave and unemployment did not differ, except for unemployment in 1999. There was a tendency towards difference in educational achievement: compulsory education only (OR 1.18, 95% CI 0.99-1.41) and in university education (OR 0.86, 95% CI 0.73-1.00; ESM Fig. 3 ). In 1990, the percentage of persons with compulsory education only was 19% in the diabetes group and 17% in control group (p<0.05). The corresponding figures for university education were 14% and 16% (p<0.05). Adjusting for paternal level of education, the Mantel-Haenszel ORs were 1.20 (95% CI 1.03-1.40) for own compulsory education only and 0.82 (95% CI 0.69-0.97) for university. There were no significant differences in proportions in each single year after 1990.
Overall, parents of persons with diabetes were slightly more likely to have completed compulsory education only (Table 1) . Annual earnings in subgroups by parents' level of education did not differ before onset of diabetes, with the exception that cases where mothers had completed upper secondary education only had higher earnings than controls in 1990.
After onset: differences in factors associated with earnings Cases were more likely to be without employment (OR 1.14, 95% CI 1.06-1.21), and a higher percentage received unemployment benefits in six of 16 years. Cases were more likely to have had at least one period of sick leave (OR 1.53, 95% CI 1.45-1.61), and a higher percentage had sick leave in 13 of 13 years (p<0.001, all years; ESM Figs 1, 2).
The annual percentage of persons in the diabetes group with university education was significantly lower for all years and, correspondingly, higher for compulsory education only in seven of 16 years. The OR from pooled data in 1990-2005 was 1.11 (95% CI 1.01-1.22) for compulsory education only and 0.88 (95% CI 0.81-0.95) for university (ESM Fig. 3 ). By subgroups of parental education (Table 1) , earnings differentials between individuals were predominantly found where parents had completed compulsory education only, but also where parents had completed upper secondary education. (Fig. 4a, full (Fig. 4a) .
Diabetes
We found significant associations between diabetes, employment and average annual earnings in 2002-2005 in the multiple regression analyses, estimated separately for men and women, and controlling for age, living in major urban area, and own and parental education. Women with diabetes duration ≥10 years and compulsory education only were less likely to be employed (OR 1.72, 95% CI 1.12-2.64), all else being equal ( Table 2 ; full results in ESM Table 3 ). Table 3 presents the percentage effect of diabetes on earnings by level of education for men and women, controlling for confounders (full results in ESM Table 4 counteracting effect of university education for women with diabetes duration ≥10 years, and the joint effect was +17% (p=0.03). Model 2 was estimated in the subsample active in the labour market all 4 years in 2002-2005 (men 78%; women 74%). There was a negative effect on earnings for women with compulsory and upper secondary education only (7% and 53% of women with diabetes, respectively) and diabetes duration 1-9 years. Diabetes duration ≥10 years was associated with a negative effect on earnings for men (−4.2%) and women (−8.1%) with upper secondary education only (Table 3 , model 2).
Discussion
We analysed the development of annual earnings in 1990-2005 for persons with type 1 diabetes onset at ages 15-34 years compared with persons of the same age, sex and municipality of residence. We found no differences in earnings before the onset of diabetes, but a trend of increasing earnings differentials after onset (Figs 2 and 3) .
Previous studies from Canada and the USA have indicated differences in earnings, but did not consider type 1 diabetes in particular, nor did they control for duration of diabetes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In this study we have established more firmly, first, that the differences in earnings were in fact induced by the onset of diabetes using the before-after design and individual-level longitudinal annual data. Second, after onset, women with compulsory education only and diabetes duration ≥10 years were more likely to be unemployed (Table 2) ; among persons active in the labour market ( Fig. 4b and Table 3 , model 2), we found negative effects on earnings for women with compulsory and with upper secondary education only. Diabetes duration ≥10 years was associated with persistent lower earnings for women with upper secondary education only (−8.1%), and in addition for men with upper secondary education only (−4.2%), when controlling for confounders. Future analyses will address whether this result may be explained by lower wages, less time worked or the choice of sector of the labour market. Third, cases were more likely to have at least one period of sick leave (ESM Fig. 2 ), but the total number of days of sick leave during the year did not differ in 10 of 13 years for cases and controls with positive sickness absence.
A strength of our analysis was the design using observational longitudinal labour-market data before and after the onset of type 1 diabetes. This may resemble a randomised natural experiment of the effect of changes in health on labour-market outcome. The onset of diabetes requires a change in daily life habits in which the person must devote time to preventive treatment and to the care of diabetes-related events and complications. The Econ-DISS data showed a marked decline in earnings at onset (Fig. 3) and consistently lower earnings, even before the time when complications of diabetes would be expected to arise. The analogy of a randomised experiment with respect to labour-market outcome is based on two assumptions: that individuals (1) do not by their actions influence the onset of type 1 diabetes, and (2) have no reason to anticipate the onset. We believe that the assumptions hold reasonably well for type 1 diabetes. The onset of type 1 diabetes is almost always sudden and unanticipated. Moreover, only a minority of people with diabetes has relatives with diabetes [33, 34] and only one of 15 in the general population with the highest risk HLA genotype will eventually develop type 1 diabetes [35] . Thus, as observed in this study, we did not expect systematic differences in labour-market behaviour between cases and controls prior to diabetes onset. We also propose that the observed lower earnings after onset may be considered a consequence of type 1 diabetes.
However, a potential weakness in the study design was the assumption of no differences prior to onset of diabetes, as two studies have pointed to a possible association between socioeconomic status and the incidence of childhood onset of type 1 diabetes [36, 37] . Parental human capital is also associated with their children's labour-market outcomes [13, 14] , and crude comparisons would then overstate the pure diabetes-related effect on earnings. We found a slight over-representation of parents with only compulsory education in the diabetes group (Table 1) . However, we were able to control for parental level of education in the regression analyses on employment and earnings, using Econ-DISS. We found only weak evidence of effects of parental education (ESM Tables 3, 4) . Analyses of earnings after onset showed that median annual earnings differed within subgroups by parental level of education (Table 1 ). In particular, controls had higher median earnings in the subgroups with maternal and paternal completion of only compulsory education in 15 of 16 years. These findings support the hypothesis that the onset of diabetes has negative effects on earnings, in [38] . Consistent with this finding, we found no effect on earnings for men with diabetes onset in 1993-2002 (duration 1-9 years), but a significant effect for men with diabetes onset in 1983-1992 (duration ≥10 years). As regressions controlled for age, these associations were corrected for lifetime profiles in which earnings increase up to middle-age (full regression results in ESM Table 4 ). For women, similar negative effects on earnings were found for onset 1983-1992 and 1993-2002 . Future analyses may explore potential differences in patterns related to sex.
The literature comparing employment and earnings before and after the onset of a disease is sparse. Bradley and colleagues found reduced employment among middleaged women surviving breast cancer, but higher earnings among those who were employed [39] . On the other hand, there is a plethora of evidence on correlations between socioeconomic status and disease (ill health) using postonset cohorts and cross-sectional design. For example, associations between the reduction in earnings and the level of functional limitation have been identified for persons with rheumatoid arthritis [40] [41] [42] [43] and for persons with respiratory disorders [44] . For diabetes, the review by Milton and colleagues concluded, based on mostly smallsample studies, that persons with childhood onset of diabetes would experience lower employment rates and income following diabetic complications [9] . Nevertheless, correlations do not imply causation, and the role of education as a determinant of health, that is, that the effect proceeds from education to health, has been extensively analysed [45, 46] . While this direction is relevant for lifestyle-related diseases, for example, or analyses of disease management, our analysis concerns the effect of an unanticipated, significant, health-related life event and its effect on labour-market outcomes.
Earlier studies on the effect of the level of education on diabetes health outcomes have found differences regarding the time spent managing the condition and the degree of adherence to prescribed treatment [47, 48] . This paper quantifies the size of the reduction in earnings that may be attributed to diabetes onset. In a broader perspective, our findings and future analyses of the Econ-DISS data may be of relevance on a conceptual level for analyses of health and labour-market outcomes. Finally, is the size of the earnings differential consequential? Does 5.3% lower median earnings for persons with type 1 diabetes matter? In our opinion, these differences do matter, as they correspond to the cost of 1 month's housing for the average family after taxes. Put another way, if an employer were to pay an employee 5% less than he pays a colleague, the employee would probably want a change of employer.
The differences also suggest that further tailoring of treatment and improvement of self-management will benefit not only the individual with diabetes: society may benefit in terms of increased productivity in the labour market.
